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INTRODUCTION 
Relatively few attempts have been made to follow the fate of a popu­
lation of plants introduced deliberately into either natural or artificial 
habitats. Such experiments may reveal quite simple and fundamental 
properties of plant populations which classical descriptive ecology can­
not uncover (Harper, 1965). With his extensive transportation network, 
man has provided à means of dispersing weed seeds into many diverse 
habitats. It is of interest to determine what characteristics of the 
plant prevent or assist its establishment in these new habitats. Will 
the plant's developmental cycle, especially flowering, coincide with that 
of the local population of that species, allowing a transfer of genetic 
material to take place? If so, the variability of the species would be 
increased as well as its ability to adapt to different habitat conditions. 
A knowledge of the ecological characteristics of weedy species is 
also of agricultural importance. Accurate information about the bio­
logical capabilities and habitat requirements of weeds are requisite to 
the development of efficient weed control practices (Staniforth, 1961). 
In this respect, a knowledge of the variability of a weedy species through­
out its range is of practical interest, especially if competitive abil­
ity changes from habitat to habitat. Yet considerable work has been con­
ducted on weeds collected from small geographic areas and general con­
clusions are drawn for the species as a whole. There is an element of 
error in applying physiological information gained from studies of small 
geographic samples to tne total range or tne species iBiiiings, 1^37). 
Considerable research has been conducted with pure stands of local 
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populations to assess the role of competitive stress in the regulation 
of plant populations. In plant populations the two important reactions 
to increasing density are (1) mortality affecting the number of survivors, 
and (2) plasticity affecting the size of survivors and the number of 
seeds which they subsequently produce (Palmblad, 1968a). It is of im­
portance to know if these regulatory mechanisms are constant for all popu­
lations of a particular species. When a population is introduced into 
a new area, do the regulatory mechanisms change or are they the same as 
in the original habitat? 
To gain an insight into the above needs, several widespread popula­
tions of Amaranthus retroflexus were used in this study. A. retroflexus 
was found suitable for the following reasons: 
(1) Seeds were available from several widely separated locations. 
(2) It has been shown to demonstrate ecotypic differentiation. 
(3) Since it is an annual, information on establishment and repro­
duction can be derived in a single growing season. 
(4) It grows easily and demonstrates a high percent germination. 
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LITERATURE REVIEW 
Definition of Plant Competition 
Interrelationships of plants are very complex. Early researchers, 
noticing the similarity of these interrelationships to some of the 
activities of man, applied the term "competition" to cover the "struggle 
for existence" between plants. It is obvious that competition between 
plants and competition between animals are very different, and much con­
fusion has arisen over the common use of the term. It has become neces­
sary for each researcher to define this word to fit his own requirements. 
This has given rise to numerous definitions. For example, Mason and 
Stout (1954) have suggested that the term '"competition" be used only for 
those plant relations in which inhibition has been demonstrated, whereas 
Clements, Weaver, and Hanson (1929) used "competition" to describe the 
response of an organism to environmental factors in short supply because 
of the use of these by other organisms. This last definition would not 
include inhibitory effects. Because of the difficulties associated with 
the term "competition", Harper (1961) has used the less controversial 
term "interference" to describe "those hardships which are caused by the 
proximity of neighbours," which, in fact, combines the two definitions 
above. 
Milthorpe (1961) defined "plant competition" as "those events lead­
ing to the retardation in growth of a plant which arise from association 
with other plants/" This definition would include chemical inhibition 
of one plant by another as well as the response of an organism to factors 
4 
in short supply. However, the separation of chemical inhibition from the 
definition of plant competition is more desirable even with the realiza­
tion that some inhibitory substances may act indirectly to limit the 
availability of nutrients (Rice, 1964). 
Borner (I960) has designated the term "allelopathy" to describe the 
release of substances into the soil by higher plants which influence the 
growth of nearby plants of subsequent crops. The subject of chemical 
inhibitors has been adequately covered in a number of reviews (Bonner, 1950; 
Bttrner, 1960; Evenari, 1949; Garb, 1961; Muller, 1966; Rice, 1967; 
Woods, 1960). 
Muller (1966) pointed out that any unfavorable effect of one plant 
upon another is likely to be regarded as competition unless the release 
of a phytotoxin can be shown. Therefore, allelopathy may be the cause 
of many results that were reported to be due to plant competition 
(Risser, 1969). 
Very little research has been designed to separate the effects of 
allelopathy (Borner, 19603 from the effects of competition (Clements et al., 
1929), probably because of the technical difficulty involved. The most 
recent effort to separate the two is that of del Moral and Muller (1970). 
They determined that the "bare zones" often encountered between Eucalyptus 
trees and herbs outside of the grove of trees were not caused by édaphic 
conditions, differential grazing, seed removal, or competition for light, 
nutrients, or water. They determined that the bare areas were due to 
several volatile and water-soluble toxins excreted from Eucalyptus tis­
sues. Del Moral and Muller concluded that "allelopathy must be considered 
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an ecological factor of wide significance, capable of influencing succes­
sion, dominance, vegetation dynamics, species diversity, community struc­
ture, productivity, and other processes and factors." 
The best definition of "competition" seems to be that used by 
Clements jet_al. (1929) and more recently by Donald (1963). Donald 
stated that "competition occurs when each of two or more organisms seeks 
the measure it wants of any particular factor or thing and when the im­
mediate supply of the factor or thing is below the combined demand of the 
organisms." Light, nutrients, and water are of primary importance in 
the above definition. "Plant competition" will be restricted to the 
above meaning in this review. "Allelopathy" will be used in the sense 
of Borner's (1960) definition. 
Factors of Competition 
Donald (1963) explained that most of the factors of competition 
can be thought of as pools of material from which competitors may withdraw. 
The plant which is the most successful competitor is the one which draws 
most rapidly from the pool and which continues to withdraw when the pool 
has been depleted to the extent that other plants cannot use its contents. 
Competition may occur for water, nutrients, light, oxygen (in wet 
soils), and carbon dioxide (in rapidly growing crops during still weather) 
(Donald, 1963), and to a limited extent for space (Clements et al.^ 1929). 
During the reproductive phase, agents of pollination (Free, 1968) and dis­
persal (Donald, 1963) must be included. If there are a limited number of 
germination sites available (Harper, 1961; Harper et al., 1961), and two 
species have similar "safe-site" requirements, then it is conceivable 
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that competition for available sites would also take place. 
With the exception of light, each of the above factors can be con­
sidered as a pool of material. Light is a passing stream which must be 
intercepted immediately or it will be lost to the plant (Donald, 1963). 
Donald indicated that competition does not necessarily occur whenever a 
factor is in short supply; when the environment of one plant is independent 
of that of its neighbors, there is no competition. 
Methods of Studying Competition 
Risser (1969) recognized the following three basic methods for 
studying competition: 
(1) Laboratory or greenhouse experiments where the density or size 
of one or more species is varied and the response is measured. 
(2) Field experiments where the density of one or more species is 
altered and the subsequent changes in the species components are 
noted. 
(3) Field observations of natural situations either with the passage 
of time or by examination of population structure. 
Many studies have been conducted using plants rooted in containers. 
This has the advantage of permitting rigorous control over the many factors 
for which plants conçete. However, artificial environments have serious 
disadvantages because they differ significantly from natural plant condi­
tions. Palmblad (1968a) indicated several limitations to the application 
of information obtained in this manner. Daubenmire (1968) concluded that 
results from such experiments are of theoretical interest, yield useful 
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information, and frequently suggest ways of planning more definitive tests 
under field conditions. 
The requirements for natural plant conditions are partially satisfied 
by field experiments, but the mechanical aspects of altering plant density 
introduces unnatural conditions; this makes evaluation of the resultant 
data difficult (Risser, 1969). Observation of natural plant composition 
over time is the most ideal situation. However, considerable time is in­
volved and the effect of specific factors cannot be investigated because 
of the interaction of the great number of variables. 
Plant Responses to Increased Densities 
General principles 
Investigations into plant responses at different densities have in­
volved either pure or mixed stands. According to Harper and McNaughton 
(1962), in order to understand the cohabitation of species, it is neces­
sary to study the reaction of each species to its own density and compare 
this with its reaction to the density of associated species. Harper (1961) 
argued that the most appropriate way to detect differences in the ecology 
of two populations is to grow them together in mixture. This will tend 
to identify and exaggerate differences which are not apparent when the 
populations are grown alone. 
The possible reactions of a plant to increased density are the follow­
ing: (1) failure to germinate while retaining viability, (2) mortality, 
and (3) survival with demonstration of individual Dlasticity fHarner and 
McNaughton, 1962; Palmblad, 1968a). 
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Competition in pure stands 
Palmblad (1968a) found that germination in Silene anglica was reduced 
to 30% at higher sowing densities. Regardless of sowing density, only a 
controlled number of seedlings were produced; no mortality occurred. The 
failure to germinate is a dormancy response which would conserve genotypes 
for more favorable conditions of growth (Harper, 1963). The reason for 
this type of dormancy is not known; however, it may be due to chemical 
inhibition. 
Many species having high germination rates also have high mortality 
to regulate population density. Higher mortality with increasing density 
occurred with Papaver spp. (Harper and McNaughton, 1962), Senecio sylvaticus 
(Palmblad, 1968b), and Plantago major (Palmblad, 1968a). 
Much of the literature on density-dependent mortality in populations 
of plants has been derived from studies of plant pathology. Gibson (1956) 
indicated three ways in which increased sowing density might be expected 
to favor the spread of damping-off pathogens: (1) by providing a dense 
mass of seedlings causing the damp conditions favorable to the spread of 
damping-off pathogens, (2) by increased numbers of seedlings providing a 
source of nutrients that are available exclusively to the pathogen, and 
(3) by reducing the distance between seedlings and facilitating the spread 
of the pathogens from plant to plant. Damping-off organisms are only 
one of the many factors of seedling mortality. 
In some plants, such as certain poppy species (Harper and McNaughton, 
1962), self-thinning determines an upper limit on the density of stands. 
In other plants mortality may result in fewer plants per unit area at 
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high initial densities than at intermediate initial densities (Risser, 
1969). 
Some plant species have high germination rates and low mortality at 
high sowing densities. In this situation, the plants will demonstrate a 
broad range of plasticity in seed production, vigor, and size of plants 
and plant parts. Harper (1963) reported that poppies will vary from 4 to 
200,000 seeds produced per plant depending on density and environmental 
conditions. Palmblad (1968a) explained that in Capsella bursa-pastoris 
most of the plants which become established subsequently survive and re­
produce. This results in a large number of plants each contributing a 
small number of seeds to the next generation. Plasticity of individuals 
is an important method of population regulation since it assists in the 
conservation of genotypes in the population, whereas high seedling mor­
tality reduces the variability of genotypes (Harper, 1961; Harper and 
Gajic, 1961). With reference to the ability of a species to adapt to 
changing environmental conditions, variability of genotypes is important. 
Some species may regulate populations by a combination of the above 
methods. Harper and Gajic (1961) found that Agrostemma githago responded 
to increasing density by increased mortality or individual plasticity or 
both. The reaction to density depended on whether Agrostemma was grown 
in pure stands or with wheat or beets. 
Harper (1961) regarded seed size as one of the least plastic char­
acters of a plant. However, he and Gajic (1951) did find that seed 
weight tended to decrease as density increased in Agrostemma githagn. 
Palmblad (1968a) determined that of the nine species in his study, only 
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Bromus tectorum showed a significant variation in seed size with different 
densities. In species of different seed size, those with larger seeds 
normally react to increased density by plasticity rather than mortality 
(Harper, 1963). 
Risser (1969) mentioned the following four principles established by 
Yoda, Kira, Ogawa, and Hozumi (1963) concerning self-regulation of popula­
tions: (1) The chance of a seed producing a mature plant declines with 
increasing density. (2) There is a maximum population size; densities 
above this maximum cannot be achieved. (3) With the passage of time, 
the densities of over-crowded populations converge regardless of the 
differences in initial density. (4) The converging density is closely 
correlated with plant size. That is, plants having a certain average 
size always maintain a similar level of surviving density regardless of 
the difference in stand age, initial density, and fertilizer level. 
Several researchers found that when studying the relation between 
the number and yield of plants per unit area, two types of curves may be 
obtained (Holliday, 1960; Willey and Heath, 1969): (1) Parabola: a cer­
tain population density gives a maximum yield while greater or lesser 
populations give a lower yield. (2) Asymptotic: an increasing yield 
relative to a maximum, but with no sign of yield decrease beyond this 
maximum. The parabolic type is typical when the yield is a product of 
reproduction (Holliday, 1960). This response is shown quite well in the 
study of two annual Mediterranean pasture plants by Donald (1954) where 
seed production showed a peak at moderate densities and thereafter showed 
a progressive decline. Holliday suggested that the asymptotic relationship 
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is characteristic when yield is a product of vegetative growth. This 
agrees well with earlier studies by Donald (1951). He found that because 
of reduction of growth rate in dense swards late in the season and high 
growth rate in sparse swards, the sparse sward tends to approach the more 
dense sward in final yield. Final yield was constant from moderate to 
high densities. 
Competition in mixed stands 
The general principles enumerated in the preceding discussion dealt 
primarily with pure stands of a single species; however, they apply to 
mixed stands as well. When considering the regulation of populations in 
mixtures of two species, Harper et al. (1961) presented the following 
reasons that the species may not coexist: (1) They may differ in the 
efficiency with which they are able to utilize their niche. (2) They may 
have common factors controlling their populations. Williamson (1957) 
explained that two species having a controlling factor in common, cannot 
coexist in equilibrium; one species will increase at the expense of the 
other. Differences in germination site requirements, germination time, 
requirements for breaking dormancy, etc. are the types of differences 
which might permit cohabitation (Harper ^ t al., 1961). 
Many studies of the competitive relationships of mixed stands have 
been concerned with the ability of pasture species to coexist. Donald 
(1963) reported several studies of the balance between grass and clover 
in mixed swards. Increased rates of nitrogen application gave increased 
yields of grass with reduced growth of clover, while grazing gave opposite 
results. The results were largely due to the direct and indirect effects 
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on the shading of the clover by the grass. Shading of the clover was re­
duced by grazing and increased by applying nitrogen. 
The timing of germination can determine which species will dominate 
in a mixture. Harper (1961) reported a study where the seeds of Bromus 
madritensis were sown on one date, while seeds of ^  rigidus were sown 
at 8-day intervals into the original sowings of B. madritensis. The con­
tribution of the two species to the total yield varied profoundly with 
the differently timed mixtures, although total yield per pot was unaf­
fected. The proportional contribution of B. madritensis increased with 
each delay in introduction of B. rigidus. 
Donald (1963) summarized the relationships between pure and mixed 
cultures as follows: 
(1) The yield of the mixture will usually be less than that of the 
higher-yielding pure culture. 
(2) The yield of the mixture will usually be greater than that of 
of the lower-yielding pure culture. 
(3) The yield of the mixture may be greater or less than the mean 
yield of the two pure cultures. 
(4) There is no substantial evidence that two pasture species can 
exploit the environment better than one. 
Plant Adaptations of Survival Value 
When first viewing a natural prairie or forest, one is impressed with 
the diversity of plant life found there. To Harner (1967) this impiio? 
that the struggle for existence does not always decide between the 
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"stronger or weaker"; in some cases the struggle between forms living in 
the same area is either evaded or does not occur. From results in 
Papaver spp. sown in mixture, Harper has suggested that each species in a 
mixture suffers more from intra- than interspecific competition; this is 
a necessary condition for stable diversity. The kind of plant differences 
which alleviate interspecific competition are obscure. 
A number of adaptations which may be of significant survival value 
in competition under specific circumstances are the following: (1) time 
of root penetration, (2) efficient uptake of nutrients, (3) endurance in 
droughty soil or soil of poor aeration, (4) longevity, (5) abundant seed 
production and efficient seed dissemination, (6) life-form, (7) compensa­
tion point, (8) food reserves available to young plants, (9) time of initial 
growth, (10) rate of growth, (11) vegetative reproduction, (12) genetic 
variability, (13) plasticity, (14) vigor and size of plant, and (15) 
reproductive potential (Daubenmire, 1968). 
Some species may demonstrate a superior competitive ability without 
any specific adaptations being noticeable. Sakai (1955, 1961) indicated 
that competitive ability in plants is a genetic character of low heritabil-
ity. He could find no correlation of biological characteristics with 
success in twelve barley varieties• Competitive ability was not easily 
definable in terms of phenotypic behavior. However, Sakai did not study 
a number of characters regarded by agronomists as important in the success 
of crop plants (Harper, 1963). 
Risser (1969) has stated that if for any given species the above 
adaptations "and any allelopathic considerations are known, a reasonably 
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good prediction can be made concerning the success of that species relative 
to any other for which the same information is known." 
Ecotypic Variation and Competition 
The recognition of ecotypic variation has resulted in a steadily 
lengthening list of ecotyp'.cal ly-differentiated plant species (Hiesey 
and Milner, 1965; McMillan, 1960, 1969; Mooney and Billings, 1961; 
Vaartaja, 1959). Ecotypes are easier to demonstrate in the temperate 
areas than the tropics because of the great differences in length of grow­
ing period, photoperiod sequences, and temperature patterns that character­
ize a relatively few degrees of latitude (McMillan, 1969). In addition to 
variation due to latitude or climate, edaphic ecotypes also exist 
(Ramakrishnan, 1965, 1966, 1968; Snaydon, 1962). 
Ramakrishnan (1970) found that the behavior of two populations of 
Melilotus alba in mixtures were markedly different to their behavior in 
competition-free cultures. One population was from calcareous soil, the 
other from acidic soil. The acidic population did well in acidic and 
calcareous soils in competition-free cultures; however, it did well only 
in acidic soils when grown in competition with the calcareous population. 
The differences found between the populations when free of competition 
became more pronounced when grown in mixture. Ramakrishnan concluded 
that besides the differential behavior oE the two populations in competi­
tion-free cultures, competition between them in mixed populations is also 
important in their edaphic restriction. 
Ramakrishnan (1965) studied three edaphic ecotypes of Euphorbia 
15 
thymifolia in soils of high calcium content. He found great differences 
among the populations in their response to calcium soils. He concluded 
that inter-ecotypic competition may be one of the factors responsible for 
the restriction of these populations to their specific habitats. 
Snaydon (1962), in a study of populations of Trifolium repens from 
calcareous and acidic soils, found that each population performed better 
on its native soil type. The difference between populations on the two 
soil types was more marked if two populations were allowed to compete in 
mixed plantings. 
Snaydon and Bradshaw (1962) collected five natural populations of 
white clover from different soils and habitat conditions; these were 
then planted in an upland Festuca-Agrostis sward of acidic soil low in 
calcium and phosphate. After two years, plants of acidic populations 
alone survived; yet, even they had a mortality of over 75%. When these 
five populations were grown without competition on a fertile lowland, 
the order of performance was reversed. 
The preceding four experiments agree with the conclusion of Harper 
(1965) that growing two populations together tends to exaggerate critical 
differences between them which may not be apparent when the populations 
are grown singly. Extreme environments, as well as competition from 
neighboring plants, may select certain genotypes of a species (Jennings 
and Aquino, 1968). These two factors of selection may operate singly, 
or in combination to produce a specific habitat type. As a general 
rule, the more extreme the environment, the less the level of biological 
competition among plants. 
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The importance of seed size in competition was studied by Black 
(1957, 1958). Using a single strain of Trifolium subterraneum, he 
selected small and large seeds from a population. In "mixed" swards 
only plants of small seed sizes died; the number of large-seeded plants 
remained unchanged. In addition, individuals from large seeds had an 
initial advantage that increased so rapidly that after 84 days they were 
intercepting 98% of the light. 
In another study Black (1960) compared the growth in pure stands and 
mixtures of three strains of Trifolium subterraneum which differed in 
petiole length. The strain with the longer petiole suppressed the strain 
with the shorter petiole to the extent that the shorter-petioled strain 
grew completely in the shade. It was concluded that in the absence of 
defoliation, the success of a strain under competition was associated with 
its potential petiole elongation. 
Harper (1963) concluded that when two forms having the same time of 
germination enter into a "struggle for existence", the form with the 
largest embryonic capital, the longest hypocotyl, the longest petioles, 
or the longest internodes will be the "winner". 
McMillan (1969) found that most exotic ecotypes survived under culti­
vation in a Texas transplant garden. However, after cultivation was dis­
continued the elimination of exotic ecotypes was rapid, in Andropogon 
scoparius ecotypes, the elimination included all of the ecotypes that had 
originated outside Texas as well as many Texas ecotypes that were from 
areas distant from the central Texas transplant site. This demonstrated 
the superior adaptation of the local ecotypes in the local habitat and 
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the uniqueness o£ the local ecosystem. McMillan stated that "the role of 
the ecotype in ecosystem function is one of insuring community adaptation 
to its habitat by maintaining environmental relations conducive to effi­
cient usage of energy imput." 
Amaranthus retroflexus and Competition 
Amaranthus retroflexus L., commonly called pigweed, is a widespread, 
monecious species of the family Amaranthaceae. The species is self-com­
patible and partly or totally self-pollinated (Mulligan and Findlay, 1970; 
Murray, 1938). 
Self-pollinated species have the ability to produce viable seed when 
only a few plants are present or when pollinators are absent. This is 
advantageous for colonization after long distance dispersal of one or a 
few seeds (Baker, 1955). This type of genetic system causes the majority 
of individuals in a population to be highly homozygous, perpetuating the 
best adapted genotypes in a specific habitat. However, a totally self-
pollinating species is unable to adjust to changes in the environment. 
Most weedy species are quite flexible; they incorporate self-pollination 
for stability with some outcrossing to provide variability (Allard, 1965). 
A. retroflexus has been shown to demonstrate ecotypic differentiation 
in photoperiodism. When grown together in uniform garden experiments, a 
flowering gradient or dine is present which extends from Canada to Kansas, 
the earliest flowering occurring in Canada populations. The species is 
considered to be a quantitative short-day plant (McWilliams, Landers and 
Mahlstede, 1956). 
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Clinal variation is also present in seed weight and germination. The 
more northern collections have a higher germination rate at 20 C than the 
southern collections. The northern collections also form larger seeds 
(McWilliams, Landers and Mahlstede, 1968). 
A. retrotlexus shows partial inhibition of nitrogen-fixing and nitri­
fying bacteria. Extracts of the leaves have more pronounced inhibitory 
activity than any other part of the plant (Rice, 1964). As old field 
succession occurs, the nitrogen content of the soil normally increases. 
However, those plants which inhibit nitrogen-fixing and nitrifying bac­
teria can prolong their stage of succession. This is an important com­
petitive mechanism among plants which have low nitrogen requirements 
(Rice, 1965, 1967, 1968; Rice and Parenti, 1967). 
The characteristics of taxonomy, cytogenetics, distribution, and 
physiology of A. retroflexus are covered in an unpublished thesis by 
McWilliams (1966). 
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MATERIALS AND METHODS 
Source of Seeds 
Seeds from five different populations of Amaranthus retroflexus were 
used in this study. The geographic relationship of the seed sources can 
be seen in Figure 1. The seeds from Minto, Manitoba, Canada; Pierce County, 
North Dakota; and Wilson County, Kansas were obtained from Dr. Edward L. 
McWilliams.^ The Manchester, Iowa and Ames, Iowa seeds were collected by 
the author. The Manitoba and Kansas populations were growing in a vegetable 
garden; the North Dakota population was in an agricultural crop; the 
Manchester population was in a vacant lot in the town limits; and the 
Ames population was growing in a corn field. 
Because a small number of seeds were available from the Manitoba, 
North Dakota, and Kansas sources, plantings were made to increase their 
numbers. The Manitoba and Kansas seeds were planted in flat trays which 
were placed in separate rooms of a greenhouse. Measures were taken to 
insure that cross-fertilization did not occur between populations. All 
rooms in the greenhouse were carefully checked to ascertain that no other 
individuals of A. retroflexus were present. The area immediately adjacent 
to the greenhouse was also determined to be free of A. retroflexus. 
The seeds from Manitoba plants were harvested before the Kansas plants 
initiated flowers; hence, mixture of the genotypes did not occur. The 
North Dakota seeds were planted in a second greenhouse approximately three 
hundred yards from the first; the same precautions were observed to insure 
^Present address: University of Michigan Botanical Gardens, Ann Arbor, 
Michigan. 
1 Manitoba, Canada 
2 North Dakota 
3 Manchester, Iowa 
^ Ames, Iowa 
5 Kansas 
NJ 
O 
Figure 1. The locations of the five populations of A. retroflexus used in this study 
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that cross-fertilization with other populations did not occur. All seeds 
were stored in labeled paper envelopes at room temperature (approximately 
25 C) until they were used in the various experiments. 
Field Studies 
Field studies were conducted to determine the responses of A. 
retroflexus to competition under cultivated conditions for one growing 
season. 
In the first study, the different populations were placed under three 
competitive treatments: (1) weeded, (2) competition with local weeds, and 
(3) competition with local A. retroflexus only. 
In mid April the seeds from the five populations were planted in 
steamed greenhouse soil in two-inch square "Jiffy pots"; several seeds 
were placed in each pot. Following emergence, the seedlings were thinned 
to one per pot. The plants were removed from the greenhouse at the two-
leaf stage and kept outside in flats until transplanted into the field 
treatments at the four to six-leaf stage. 
The test area was in a Curtiss Farm field which had been plowed the 
preceding fall and disked in the early spring. For approximately two years 
prior to this experiment, this field had supported weedy species only. 
A randomized block design with two replications per treatment was used. 
The plot size for each population in a treatment was one meter square. 
Those plots requiring competition with local A. retroflexus were pre­
pared shortly after disking and about four weeks prior to transplanting. 
Local A. retroflexus seeds were scattered on the appropriate plots and 
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covered by light raking. 
When transplanting was conducted, the naturally-occurring weedy 
species in this field were at approximately the same stage of development 
as A. retroflexus in the "Jiffy pots" (four to six-leaf stage). Each one 
meter square plot received twenty-five plants of the appropriate popula­
tion. The plants were evenly spaced and carefully labeled by tying a 
loose string around their base. Care was taken not to disturb the area 
more than necessary during transplanting. 
Weeding was conducted at weekly intervals in all but the weedy com­
petition treatment. 
In the second study, two soybean competition treatments were conducted 
in a field separated from the one above. The treatments were as follows; 
(1) soybeans and transplanted A. retroflexus only, and (2) soybeans, 
A. retroflexus, and local weeds. The experimental design was the same as 
that used in the first field study. 
The soybeans had been planted the last week of May and were 4-6 inches 
high by June 17. Transplanting of the five populations of A. retroflexus 
was conducted between June 10 and June 17 at the four to six-leaf stage. 
These treatments were also weeded weekly so that only the appropriate plants 
remained. 
Seeds of A. retroflexus tend to fall from the plant upon maturity 
under natural weather conditions. To partially overcome this difficulty, 
each population was harvested about two weeks prior to complete maturity. 
Maturity of the plants could be determined by browning of the seedhead, 
with yellowing and loss of leaves. A few early maturing seeds were 
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undoubtedly lost; therefore, the determination of seed yield is only a close 
approximation. 
Ten of the original twenty-five plants of each square-meter plot 
were harvested. Harvesting of plants on plot borders was avoided wherever 
feasible. The plants were removed from the soil with as much of their 
root systems as possible. 
The ten plants of each one-meter plot were placed in a paper sack and 
dried in an oven at 100 C for not less than 48 hours. After cooling at 
least ten minutes, the dry weight of the contents of each bag was de­
termined. 
The scuds from each bag were then stripped by hand from the plants 
and cleaned on a North Dakota Seed Blower. Since the plants were har­
vested prior to maturity, immature as well as mature seeds were retained 
to determine yield; however, they were kept separated. Following clean­
ing, the seeds were placed in labeled paper envelopes, and stored in an 
oven at 80 C until they were weighed. All seeds remained in the oven 
for a minimum of 72 hours. 
The seeds were placed in a desiccator; allowed to cool ten minutes; 
then removed from the desiccator one envelope at a time and weighed. 
Three hundred seeds from each envelope were counted and weighed; then 
the total seeds in the envelope were weighed. Knowing the total seed 
weight and that of 300 seeds, the total number of seeds were calculated 
for each envelope. The mature and immature seed weights and numbers were 
calculated independently. The total seed yield per plant per plot was ob­
tained by the sums of the mature and immature seeds divided by ten. 
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Growth Chamber Studies 
Because the field studies did not allow a rigorous control of the 
competitive conditions, a growth chamber was used to obtain repeatable 
and comparable data, to detect differential responses to photoperiod and 
temperature, and to allow an application of competitive stress of equal 
intensity to all five populations of A. retroflexus. 
A walk-in Percival growth chamber with an area of forty square feet 
was employed, which allowed automatic control of day and night temperatures, 
length of photoperiod, and light intensity (Figure 2). Using a Weston 
illumination meter, the light intensity was set between 2000-3000 foot 
candles throughout the study. The lower intensity was at the pot soil 
surface, while the higher intensity was at the upper canopy level of 
mature plants. 
Incandescent lights only, were used for one hour at the beginning and 
one hour at the end of the photoperiod to provide red wavelengths. Then 
one-half of the available fluorescent lights only, were used one hour after 
the incandescent lights in the morning and one hour before the incandescent 
lights in the evening. All the fluorescent lights, to provide the 2000-
3000 foot candle intensity, were used for the intervening photoperiod. 
The following two environments were simulated: (1) a local central 
Iowa environment at about 41%° north latitude, and (2) a southern Canada-
northern Minnesota environment at about 4^° latitude. The differences 
between the two environments were due to regulation of photoperiod and 
day-night temperatures. Figure 3 gives a comparison of the photoperiods 
of the two environments (Smithsonian Institution, 1951). The maximum-
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Figure 2. The walk-in Percival growth chamber used in the growth chamber 
studies 
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Figure 3. Comparison of the photoperiods used in the two simulated environments 
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minimum temperatures of the two environments (Weather Bureau, 1959) are 
shown in Figure 4. The minimum temperatures were used as the night tem­
peratures. Both environments were started at the photoperiod and tem­
perature of June 1. 
The Iowa environment was set up using three c .isities, two fertiliza­
tion levels, five populations of A. retroflexus, with three replications in 
a factorial design. The plants were grown in clay pots with an eight inch 
top diameter. The soil, consisting of one part peat, one part sand, and 
two parts sandy loam soil, was mixed with an electric cement mixer and 
steam sterilized. The Ames population was the "test population" against 
which all other populations competed. Since the Ames population was also 
one of the five populations, it was tested against itself. 
The densities used were six, one hundred, and two hundred plants per 
pot. One half of the plants in each pot were the "test population." 
The germination percentage was determined for each of the populations 
by sowing the seeds on moist blotter paper in petri dishes, and placing 
them in an incubator at 35 G (Figure 5). The number of seeds needed to 
produce the desired density of plants was then computed. 
For the density of six plants, an excess of seeds was sown in six 
mapped locations and thinned to the required six plants per pot (three 
"test plants" with three plants from an outland population). 
The five populations were found to have different rates of germination, 
which would give some populations an initial advantage in competition. 
This initial advantage was reduced by staggering the times of sowing in 
such a way that all populations reached 50% germination at approximately 
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the same time (Figure 5). All pots were incubated in the growth chamber 
at 35 C until the time of 50% germination; then the environment was changed 
to the June 1 photoperiod and temperatures. 
In the present study, since morphological differences could not be 
recognized between populations (Black, 1957, 1958, 1960) and mapping of 
plants at high densities was not practical (Ramakrishnan, 1965, 1970), 
circular washers cut from inert rubber tubing were used to identify the 
populations. During planting, a seed was placed in the center of the 
rubber washer;, upon germination the seedling grew through the center and 
the washer remained on the plant throughout its growth. A slit was cut 
in one side of the washer to avoid constriction of the plant. Advance 
trials were conducted to test the reliability of this method; with practice 
and careful placement, it was highly satisfactory. Because of a greater 
chance for human error in seed placement, this method is not as reliable 
as mapping of each plant. Also the soil cannot be disturbed in any man­
ner, or the washers will be displaced. In this study a fine mist spray 
was used to water the plants. When the plants were harvested, the soil 
was carefully removed from the sides of the plant to identify the presence 
or absence of the washer. The rubber washers were placed only on the 
"test population" of local A. retroflexus in each pot. No adverse effect 
due to the presence of the washers was observed. Washers were not used in 
the six-plant density because the positions of the plants were easily 
mapped. 
The two fertilization levels consisted of fertilization at a zero rate 
and fertilization at the rate of 15 pounds N, 60 pounds P2O5, 60 pounds 
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K2O per acre. The fertilizer was incorporated at the time the dry soil 
medium was mixed in the cement mixer. 
The pots were rotated weekly in a systematic manner to avoid any 
"edge" effects. When an extensive number of plants reached maturity, ro­
tation was stopped to avoid loss of seeds due to shaking of the plants. 
The plants were allowed to grow to maturity before harvesting and the 
loss of mature seed was minimal. This is in contrast to the field studies 
where immature plants were harvested to avoid loss of seed due to weather 
turbulence. 
The above procedures were also used for the northern environment 
except that photoperiod and temperatures were different, and rotation of 
plants in the chamber continued to the end of the growing period. Because 
many of the plants did not mature, rotation could be conducted without 
loss of seed. 
One hundred and fourteen days was chosen as the growing period for 
each environment. This is the length of the frost free period for the 
natural northern environment; also, after this length of time, all plants 
except highly suppressed ones in highest densities were mature in the 
Iowa environment. 
Following harvest, dry weights and seed numbers were obtained in the 
same manner reported for the field studies except that immature seeds were 
not counted or weighed. Dry weight per plant was obtained by dividing 
the total dry weight per pot by the number of plants harvested. The num­
ber of seeds oer olant was obtainftd hv Hit/idino- tho -t-n-hai rmmKor nf seeds 
per pot by the number of plants harvested. 
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Pathogen Studies 
During preparation of the five populations for transplanting in the 
field studies, symptoms of damping-off developed among three of the popu­
lations. This occurred during a week of cool, damp spring weather. It 
was of interest to determine if there were differences in the susceptibil­
ity of the five populations to this disease condition. 
The following spring, under similar conditions, infection occurred, 
and an attempt was made to isolate the pathogen. Diseased seedlings of 
A. retroflexus were placed on water agar; after incubation a mycelial 
growth occurred throughout. A small section of this growth was then 
transferred to Potato Dextrose Agar (PDA) and permitted to grow. The 
2 
organism was identified by Dr. Lois Tiffany as Pythium aphanidermatum 
(Edson) Fitzpatrick, which is a recognized pathogen of plants causing 
damping-off (Middleton, 1943). 
To determine any differential susceptibility within the five popula­
tions, it was necessary to control the following conditions: temperature, 
quantity of inoculum, soil characteristics, and moisture. 
In order to find the proper temperature for swere infection to occur, 
the rates of host emergence and pathogen growth were determined. Fifty 
seeds from each population were sown in three-inch diameter clay pots 
filled with fine moist sand. The pots in four replications were put in 
sealed crispers and placed in incubators at the following temperatures: 
5, 10, 15, 20, 25, 30, 35, 40 C- The emerged seedlings were counted 
n 
Mycologist; Department of Botany and Plant Pathology, Iowa State 
University, Ames, Iowa. 
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daily and the coefficient of velocity of emergence (C.V.E.) at each tem­
perature was calculated for each of the five A. retroflexus populations 
by the following formula (Leach, 1947): 
Total emergence at end of period ^ = C V E 
Sum of (each daily emergence increase x days 
since planting) 
The growth rate of the pathogen was determined by placing an infected 
8 mm square section of agar, taken from the periphery of a young fungal 
colony, in the center of PDA plates. At temperatures from 5 C to 40 C, 
with five degree gradations, radial growth was measured at intervals of 
24 hours. This was done until the growth reached the edge of the petri 
dish. The average growth in millimeters per 24 hour period was calculated. 
After an examination of the results, it was felt that any differences in 
susceptibility between populations would most likely appear in the range 
between 20 C to 25 C. 
The next step was to determine the proper concentration of pathogen 
to be applied to the populations. A prenrun was conducted using the 
Manchester population. The fungal inoculum was prepared by placing a 
8 mm square section of infected agar into 100 ml of a sterile nutrient 
solution (See Appendix Table 13 for formula). The culture was aerated 
during incubation at room temperature ( about 25 C) for 54 hours. The 
colony, which remained a single entity, was removed from the solution with 
sterile forceps and rinsed in sterile distilled water. Using aseptic 
technique, the colony was transferred to 100 ml sterile distilled water 
and blended approximately fifteen seconds with a Waring blender. Excessive 
blending was avoided to prevent loss of viability (Leach, 1947). After 
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blending, the suspension was diluted to several concentrations. 
In the meantime, sterile soil consisting of two parts "perlite," 
one part sand, and one part sandy loam soil was placed in sterile three-
inch clay pots. 
The appropriate amount of fungal dilution was then sprayed onto the 
surface of the potted soil. The soil was stirred lightly and compacted; 
fifty seeds were sown per pot and covered with one-fourth inch of lightly 
compacted soil. The pots were placed in a small fifteen-foot-square 
growth chamber. A day-night temperature of 20C was maintained, with a 
photoperiod of fifteen hours. An effort was made to keep all pots at the 
same high soil moisture content. This was done by recognizing changes 
in soil color due to drying, and watering when necessary. The pots were 
rotated daily to avoid differences in conditions due to positioning in the 
growth chamber-
The fungal concentrations which resulted in 98% and 75% seedling 
mortality were chosen for use in the final experiment. The procedures of 
the final experiment followed those of the pre-run except only two fungal 
concentrations were used. Each population at each inoculum concentration 
was replicated four times. 
Controls for this experiment consisted of four replications of each 
population in sterile, uninoculated potted soil. These pots were placed 
in a 20 C incubator. 
All new seedlings were counted daily during the emergence period. At 
the end of the experiment, the identity of the causitive organism was con­
firmed by pure culture isolation from infected seedlings. 
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RESULTS AND DISCUSSION 
Field Studies 
Study in non-soybean plots 
Three levels of competition were intended: (1) weeded, (2) non-weeded, 
and (3) weeded except for local A. retroflexus; however, the last treat­
ment was not effective because the transplanted populations were more 
advanced in growth than the local A. retroflexus seedlings- As a result 
the local populations were quickly suppressed. 
Seed numbers per plant, dry weight per plant and seed weights were 
not significantly different for the three competition levels (See analysis 
of variance in Appendix, Table 14), despite gross differences in individuals 
between the treatments (Figure 6). 
The similarity in results between treatments may have been due to the 
significant interaction between the populations and the competition levels. 
When a logarithmic transformation of the number of seeds per plant is 
conducted, the interaction just reaches significance at the 5% level. As 
seen in Figure 7, the two northern populations increased seed output per 
plant with an increase in competition, while the three southern popula­
tions showed decreased yields. These converging results at the higher 
competitive level may tend to nullify each other, preventing significant 
differences between competition levels. The same response, although not 
significant, was found in dry weight per plant. 
The increase of seeds per plant with increased competition seen in 
the two northern populations may be due to the relationship of early 
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Figure 6. Typical response of the Manchester population to weeded and 
weedy competition treatments 
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Figure 7. Seed production per plant at two competition levels 
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flowering and violent spring weather. The time from emergence to flower­
ing in the field was observed to be approximately eighteen days for the 
Manitoba and North Dakota plants, thirty-four days for the Manchester 
plants, thirty-six days for the Ames plants, and thirty-nine days for the 
Kansas plants- Because of the early flowering of the northern populations, 
they were probably mature before competition became severe. In the weeded 
plots the splashing of rain on the soil tended to cover the small northern 
plants with mud which could have reduced the photosynthetic ability of the 
plants, causing reduced seed and dry weight production. However, adjacent 
plants in the weedy plots provided protection from the beating wind and 
rain. When the three southern populations began flowering, they were 
under competitive stress and the amount of seed and dry weight production 
was reduced. 
Table 1 presents a comparison of the mean data between populations 
from non-soybean plots. All means in this paper were compared using 
Duncan's (1955) new multiple-range test. 
Table 1. Comparison of mean data^ between populations from non-soybean 
plots 
Manitoba N. Dakota Manchester Ames Kansas 
Seed weight/ 2 
100 seeds (mg) 46 50 30 36^ 37= 
Number of 
seeds/plant 480 357 4849 4244 3994 
Dry weight/ 
plant (g.) .8^ .7C 9 . 6 °  11.4^ 8.7^ 
Ifiach mean represents sixty plants. 
2Each mean with the same superscript is not significantly different 
at the 1% level. 
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The dry weight per plant for the Manitoba and North Dakota populations 
differed significantly at the 1% level from the three southern populations. 
All populations differed significantly (1% level) from each other in the 
number of seeds produced per plant. The lower seed numbers and dry weight 
production in the two northern populations were due to very early flower­
ing and maturation under short spring daylengths. In the environments of 
Manitoba and North Dakota, the photoperiods are longer and would not trigger 
the flowering mechanism, as early as occurred in this more southern location 
(Figure 8). 
Seed weights of the Ames and Kansas populations were not significantly 
different, but all other populations differed significantly at the 1% level. 
The larger seed weights of the northern populations agrees well with 
the findings of McWilliams et al. (1968). However, an obvious dine of de­
creasing seed weight from Manitoba to Kansas similar to that of McWilliams 
et al. is not present in the five populations above. They used more popula­
tions to determine their results and the variations from their linear re­
gression of seed weight versus latitude would encompass most of the popu­
lations studied here. 
The number of seeds produced within the northern and southern popula­
tions is correlated (84% correlation coefficient) with seed weight. The 
difference in dry weight production per plant between the two northern popu­
lations was not significant, but the North Dakota population produced signifi­
cantly heavier seeds and a significantly smaller number of seeds than the 
Manitoba population. The dry weight production per plant was not different 
between the three southern populations, but the Manchester population pro­
duced the lightest seeds with the greatest number of seeds produced; the 
Ames and Kansas populations had heavier seed weights but fewer seeds than the 
Manchester population. It seems then, that the storage of more food reserves 
uo 
Figure 8. Mature plants of five populations of A. retroflexus from the 
weeded plots in a field in Ames, Iowa 
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to build heavier seeds may cause a reduction in the number of seeds produced. 
The greater amount of stored food available in larger seeds may have select­
ive advantage in the short growing season of northern latitude; however, 
seed size may also be genetically linked to some other character that is of 
selective advantage (McWilliams et al., 1968). 
The production of the greatest number of seeds by the Manchester popu­
lation may also have been due to its slightly earlier flower initiation. 
Competition may have been less severe when flowering began for the Manchester 
population than that experienced a few days later by the Ames and Kansas 
populations. 
Study in soybean plots 
Because of excessive spring rains, the majority of the soybean plots 
were submerged in water for a period of time. This resulted in the death 
of many seedling transplants. Those plants which did survive and mature 
were harvested and all treatments were pooled (Table 2). No statistical 
analysis of the data could be conducted; however, certain differences were 
noted. 
One important difference from the non-soybean plots was the detrimental 
effect of early flowering on population success. The two early-flower­
ing, northern populations were forced to mature in the complete shade of 
the soybeans; most individuals were already dead when harvested. The 
other three populations were able to grow fast enough to stay close be­
hind- the growth of the soybean canopy. By the time the southern popula­
tions were flowering, the soybeans were maturing and the canopy allowed 
more light through to the A. cetroflexus plants. These plants quickly 
grew above the soybean canopy and then matured. Because the Manchester 
plants flowered earlier than the Ames and Kansas plants, they were less 
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Table 2. Comparison of mean data between populations from soybean plots 
Manitoba N. Dakota Manchester Ames Kansas 
Seed weight/ 
100 seeds (mg) 39 43 33 40 38 
Number of 
seeds/plant 75 54 1348 7090 4831 
Dry weight/ 
plant (g.) .4 .4 4.9 34.7 7.7 
Number of 
plants 
averaged 3 15 6 5 9 
able to take advantage of the opening soybean canopy. 
Comparisons of the five populations from one growing season strongly 
suggest that the Ames population is the best suited to grow in its own 
habitat conditions. In general, the three southern populations grew bet­
ter than the northern populations because their photoperiods allowed 
vegetative growth for a longer period of time before flowering, thus 
building up a larger system to use in the production of seeds. 
Growth Chamber Studies 
Number of plants harvested 
A significant difference was found in the final number of plants 
harvested among the five populations (Table 3). 
In the Iowa environment, the Manitoba and North Dakota populations 
caused the most deleterious effect upon the test ooDulation. The com­
petitive pressure of these two northern populations was expressed by a 
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Table 3. Mean^ number of 
test population 
plants harvested for 
in each environment 
each population and its 
Manitoba N. Dakota Manchester Ames Kansas 
Iowa 
environment 
Outland 18de^ gab 2oef lecd lecd 
Test 5^ gab 13=4 lecd 12bc 
Northern 
environment 
Outland 30j 16cd 46^ 27hij 39k 
Test 23^8 29^j 24®^ 27hij 268hi 
^Each mean is based on 18 observations. 
2All means with the same superscript are not significantly different 
at the 5% level. 
higher mortality in the test population. The North Dakota population was 
the least successful in competition with the test population. The Manitoba 
and Manchester populations were least affected by the presence of the 
test population as expressed by the greater number of plants remaining at 
final harvest. This may demonstrate a tendency to rely more on plasticity 
for population regulation than on mortality. 
In the northern environment, the effect of the Manitoba and North 
Dakota populations was less severe upon the test population. The North 
Dakota population was the most affected by the presence of the test 
population, as shown by the fewest numbers of plants. In this environment, 
thft Manoheeter end Kansas pcpulcticzc vcrc the Icazt affacLad Llic 
presence of the test population. 
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When all populations are considered as one, the densities were sig­
nificantly different (1% level) from each other, with the highest initial 
density showing the greatest number of plants at the final harvest. How­
ever, a greater percent mortality occurred at the highest density. There 
was no mortality in the density of six plants and it will not be con­
sidered in this discussion on plant numbers. 
In the northern environment, both test and outland populations had 
almost twice as many plants in the density of two hundred as in the 
density of one hundred (Table 4). 
Table 4. Mean^ number of plants at two densities for the outland and test 
populations in the northern environment 
Manitoba N. Dakota Manchester Ames Kansas 
Density 100 
Outland 
2 
32* 12 53^2 29® 4lbc 
Test 26® 29® 27® 29® 27® 
Density 200 
Outland 54f 32^ 81% 50df 73g 
Test 40^ 55^ 42 be 50df 47 cd 
^Each mean is based on 6 observations. 
2a11 means with the same superscript are not significantly different 
at the 5% level. 
The Kansas and Manchester populations had significantly more plants (1% 
level) than the test population at both densities, while the North Dakota 
 ^ * . ..  ^  ^  ^xa Ci A.OII iiou 
In the Icwa environment, the Manitoba and Manchester populations had 
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significantly more plants at both densities (1% level) than their test 
populations (Table 5). 
Table 5. Mean^ number of plants at two densities for the outland and 
test populations in the Iowa environment 
Manitoba N. Dakota Manchester Ames Kansas 
Density 100 
Outland 2 0<ifg2 gab 25Shi igbcd Igcdf 
Test gab 123bc I7cdf Igbcd 12abc 
Density 200 
Outland 30ij Igbcd 33j 30ij 28hij 
Test 6^ 12abc igdfg 30ij 22^8% 
^Each mean is based on 6 observations. 
2a11 means with the same superscript are not significantly different 
at the 5% level. 
The mean number of plants in the final harvest of the northern en­
vironment was more than twice the mean number present in the Iowa en­
vironment (significant at the 1% level). All five populations showed 
similar responses to the two environments, i.e., an approximate doubling 
of numbers in the northern environment. 
There was a significant difference (1% level) in the Iowa environment 
in response to fertility but no difference in the northern environment. 
In the Iowa environment, considering all densities together, all popula­
tions except Ames had more plants in the non-fertilized treatment than 
in the fertilized treatment. Fertilization, then, reduced the final num­
ber of plants harvested. It seemed to allow those plants with a superior 
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competitive ability to grow more rapidly, quickly suppressing weaker in­
dividuals. This resulted in higher mortality because the more rapidly 
growing individuals claimed more and more of the factors of grcwth-
When the test population is grown with itself, there is no signifi­
cant difference between fertility levels, since any improved response 
with fertilization would occur in all plants, giving an advantage to none. 
A significant interaction between the test population and the Kansas 
population with fertilization was present in the Iowa environment 
(Figure 9). This is expressed only at the highest density. With fertiliza­
tion the test population had a significant advantage over the Kansas popu­
lation; without fertilization the Kansas population had the advantage. 
Although the results (Figure 10) show that the outland populations 
generally did better than the test population, with fertilization the 
advantage of the outland populations was reduced. This indicates that, 
in general, the test population demonstrated an increased competitive 
ability compared to the other populations with fertilization, especially 
at high density levels. 
Total number of seeds produced 
When considering seed production, it is immediately apparent that 
there are differences between the Iowa and northern environments. These 
differences can be attributed mainly to the effect that photoperiod has 
on the time of flowering. Table 6 gives the mean number of seeds produced 
by the test population and outland populations in each environment. 
Seed oroduction in all populations in the northern environment uas 
greatly reduced (1% level of significance) compared to the Iowa environment. 
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Figure 9. Effect of fertility on mean number of plants of the Kansas 
population and its test population in the Iowa environment 
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Figure 10. Effect of fertility on mean number of plants of the outland 
populations and the test population in the Iowa environment 
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Table 6. Mean^ seed production per population for both environments 
Manitoba N. Dakota Manchester Ames Kansas 
Iowa 
environment 
Outland 9281 
.2 
5853* 5978* 5736* 3972 
Test 2384^ 8120 5962* 5736* 5249* 
Northern 
environment 
Outland 2753b 2059b 6O5C II9C 3ic 
Test 75^ 129C 130C II9C I49C 
^Each mean is based on 18 observations. 
Each mean with the same superscript is not significantly different 
at the 5% level. 
The reduction in the three southern populations was due mainly to the 
unfavorably long photoperiod and possibly to the lower temperatures. The 
reduction in the Manitoba and North Dakota populations may have resulted 
from the low temperatures, since the northern photoperiod was more favor­
able to their development. Even with this reduction, the two northern 
populations produced many more seeds in the northern environment than did 
the three southern populations. 
A comparison of the test population with the outland populations shows 
similar relationships as found in the number of plants harvested. The 
Manitoba population was the only one to significantly (1% level) reduce 
the seed production of the test population. Moreover, the test population 
produced signiricantiy more seeas (,i% ievei) in the presence of the North 
Dakota population than in the presence of any other population. 
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In the northern environment, a high correlation (r=98%) was found 
between number of seeds produced and the number of days from emergence to 
flowering. In this environment, seed numbers were determined by the 
photoperiod required to initiate flowering rather than competition. All 
of the seed production in the Kansas population was the result of a very 
few individuals; the majority never did flower. This variability within 
a population would allow certain individuals to take advantage of a wide 
range of environmental conditions. 
Because there was no significant difference between seed production 
and density in the northern environment, only the Iowa environment will 
be considered. When considering all populations as one, the three densities 
were significantly different, with the greatest seed production at the 
density of six and the lowest seed production at the density of two hun­
dred as would be expected. When comparing the five populations with their 
respective test populations, only the Manitoba population shewed a signif­
icant effect on its test population (Figure 11). The effect is present 
only at the highest density level where the test population was signifi­
cantly reduced in seed output. 
Fertilization in the northern environment significantly increased seed 
production only in the Manitoba population. All other populations increased 
production, but not significantly. 
A significant effect with fertilization in the Iowa environment took 
place only with the Kansas (Figure 12) and North Dakota (Figure 13) popu­
lations and their respective test populations. Without fertilization, the 
two populations were similar to their test populations; with fertilization. 
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Figure 11. Comparison of seed production in the test population with the 
Manitoba population at three levels of density in the Iowa 
environment 
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Figure 12. Effect of fertility on number of seeds produced by the Kansas 
population and its test population in the Iowa environment 
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Figure 13. Effect of fertility on number of seeds produced by the North 
Dakota population and its test population in the Iowa 
environment 
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the test population significantly outproduced the other two populations. 
This is an indication that the test population is better able to respond 
to fertilization, and it may have been selected in its natural environ­
ment for this characteristic. The test population did better than the 
Manchester population with fertilization, but the response was not sig­
nificant. The Manitoba population prevented the test population from 
showing any significant response with fertilization. 
Seeds produced per plant 
There was a significantly greater number of seeds per plant in the 
Iowa environment than in the northern environment (Table 7). This re­
flects the greater numbers of plants in the northern environment which 
did not flower. 
Table 7. Mean^ seeds per plant of the outland populations and their test, 
populations in each environment 
Manitoba N. Dakota Manchester Ames Kansas 
Iowa 
environment 
Outland 
Test 
Northern 
environment 
Outland 
Test 
1295®' 
583^ 
360b 
2ia 
939C 
1676^ 
344b 
40% 
756( 
1197^ 
1693 
37a 
950C 
950^ 
34a 
34a 
838' 
934C 
8a 
46a 
^Each mean is based on 18 observations. 
2 
All means with the same superscript are not significantly different 
at the 5% level. 
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In the Iowa environment, the North Dakota, Manchester, Ames, and 
Kansas populations were not significantly different from each other; 
however, the North Dakota and Manchester populations had significantly 
fewer seeds per plant than the test population. The Manitoba population 
reduced production in the test population. 
In the northern environment, the Manitoba and North Dakota populations 
were not significantly different from each other, but were different from 
all other populations and the test population (Table 7). The test popu­
lation was not affected statistically by the presence of other populations 
since only a few seeds were produced. 
In the northern environment, the effect of the three density levels 
was confounded with the inability of most of the plants of the three 
southern populations to flower. However, there is an indication that 
flowering in the southern populations took place earlier at the lowest 
density with the production of more seeds per plant (100 or more) than 
at higher densities where 1 to 6 seeds per plant were produced. 
In the Iowa environment, the Manitoba population was the only one 
which produced significantly more seeds per plant than the test population, 
and that occurred only at the density of six plants (Figure 14). The 
test population produced significantly more seeds per plant only at the 
six-plant density and then only with the North Dakota (Figure 15) and 
Manchester (Figure 16) populations. When pooling all plants together as 
one population, the three density levels were significantly different, with 
more seeds per plant at the lowest density and fewest at the highest 
density. 
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Figure 14. Effect of density on seeds per plant of the Manitoba popula-
lation and its test population in the Iowa environment 
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Figure 15. Effect of density on seeds per plant of the North Dakota 
population and its test population in the Iowa environment 
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Figure 16. Effect of density on seeds per plant of the Manchester 
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Figure 17. Effect of fertility on seeds per plant of the North Dakota 
population and its test population in the Iowa environment 
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Fertilization was found to have no effect on the number of seeds per 
plant in the northern environment. 
In the Iowa environment, fertilization had a significant effect on the 
North Dakota (Figure 17), Manchester (Figure 18), and Kansas (Figure 19) 
populations and their respective test populations. The test population 
improved with fertilization at the expense of the North Dakota population. 
The Manchester population was not reduced by fertility, but the test 
population made a significant increase. The Kansas population was not 
significantly different from its test population, but both populations 
showed a significant increase in seeds per plant with fertilization. If 
all outland populations in the Iowa environment are considered as one in 
competition with the test population, the test population has significantly 
more seeds per plant than the outland populations with fertilization, 
again showing the greater response of the local population to fertiliza­
tion (Figure 20). 
Total dry weight production 
Total dry weight production in the Iowa environment was almost twice 
that in the northern environment (significant at the 1% level). Table 8 
gives the mean dry weight production of the populations and their respec­
tive test populations in each environment. 
In the Iowa environment, the Manitoba population significantly de­
pressed the dry weight yield of the test population (1% level), which 
in turn significantly (5% level) depressed the yield of the North Dakota 
population. tHp nthpr populations hcd nc significant cffcct ori. Lhe LcsL 
population. 
Figure 18. Effect of fertility on seeds per 
plant of the Manchester population 
and its test population in the Iowa 
environment 
Figure 19. Effect of fertility on seeds per 
plant of the Kansas population and 
its test population in the Iowa 
environment 
Figure 20. Effect of fertility on seeds per 
plant of the outland populations 
and the test population in the Iowa 
environment 
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Table 8- Mean^ dry weight production in grams per pot of the outland popu­
lations and their test populations in each environment 
Manitoba N. Dakota Manchester Ames Kansas 
Iowa 
environment 
Outland 10.6g^ ô.gde 7.7®^ 7.6®^ e.Qcd 
Test 3. sab 8.6^ 8.ief 7.6ef 6.6de 
Northern 
environment 
Outland 4.7bc 3.7*b 4.2*b 3.93b 3.73b 
Test 2.6% 4.5b 3.23b 3.93b 3.83b 
^Each mean is based on 18 observations. 
2 
All means with the same superscript are not significantly different 
3t the 5% level. 
In the northern environment, only the Manitoba population was signi­
ficantly different from the test population (1% level). 
If all populations in both environments are pooled together, the 
density of six plants had a significantly higher dry weight production 
than the density of two hundred plants (1% level), but the density of one 
hundred plants was not significantly different from the other two density 
levels. Figure 21 illustrates the typical growth response to the three 
levels of density. 
Density had no significant effect on total dry weight production in 
the populations of the northern environment. In the Iowa environment, the 
populations differed. There was no significant response by the Manitoba 
population to increasing density (Figure 22), but its test population was 
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Figure 21. Response of the Ames population to densities 200,100, and 6, 
respectively in the Iowa environment approximately one month 
prior to harvest 
Figure 22. Total dry weight production of 
the Manitoba and test populations 
at three densities in the Iowa 
environment 
Figure 23. Total dry weight production of 
the North Dakota and test popu­
lations at three densities in 
the Iowa environment 
Figure 2 k .  Total dry weight production of 
the Manchester and test popula­
tions at three densities in the 
Iowa environment 
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greatly reduced at each increase in density. The total dry weight of the 
test population was significantly higher than the North Dakota (Figure 23) 
and Manchester (Figure 24) populations at the lowest density. However, at 
the next higher density all were similar; at the highest density the 
Manchester had significantly higher production while the North Dakota and 
its test population were unchanged. There was no significant difference 
between the test and Kansas populations. 
Fertilization had no effect in the northern environment. In the 
Iowa environment, it had a significant effect only with the North Dakota 
(Figure 25) and Kansas (Çigure 26) populations. The test population 
significantly increased total dry weight production with fertilization 
in the presence of both populations. However, without fertilization the 
Kansas population did better than the test population, but the test and 
North Dakota populations were the same in response. 
Dry weight production per plant 
Dry weight production per plant (determined by dividing total dry weight 
per pot by the number of plants harvested) in the Iowa environment was 
more than twice bhat of the northern environment (significant at 1% level). 
Table 9 gives the mean dry weight per plant of the populations and their 
respective test populations in each environment. 
There were no significant differences in dry weight production per 
plant between populations in the northern environment. In the Iowa en­
vironment, only the Manitoba population significantly reduced the pro­
duction per plant of the test population, while the test population did 
significantly better than the North Dakota and Manchester populations. 
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Figure 25. Total dry weight production of the North Dakota and test 
populations at two fertility levels in the Iowa environment 
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Figure 26. Total dry weight production of the Kansas and test popula­
tions at two fertility levels in the Iowa environment 
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Table 9. Mean^ dry weight production per plant of the outland popula­
tions and their test populations in each environment 
Manitoba N. Dakota Manchester Ames Kansas 
Iowa 
environment 
Outland 1.45gh^ i.oyGf 1.17^ l.OgGf 
Test .75^4 1.63^ 1.54^ 1.17^ 1.25^8 
Northern 
environment 
Outland ,59abc .Siabc ,47ab .SSabc .43^ 
Test .46*^ .70bcd .SSabc .55^bc .65*bcd 
^Each mean is based on 18 observations. 
^All means with the same superscript are not significantly different 
at the 5% level. 
These trends are similar to those observed for total dry weight production 
except in the case of the Manchester population. This population had the 
same total dry weight as the test population but it had a lower dry weight 
per plant. This indicates that the Manchester population had many more 
but smaller plants at harvest than the test population. 
When considering all populations in all environments as one, the 
three densities were significantly different from each other at the 1% 
level. This is in contrast to total dry weight production where the 
density of one hundred was not statistically different from the other 
two density levels. Hence, density does not affect total dry weight 
production per unit area or per pot as much as it aoes ary weignt per 
plant. With total dry weight, a large number of small plants can produce 
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the same amount as a smaller number of larger plants. 
There were no differences between the outland and test populations 
at the two highest densities. At the lowest density the relationships 
were the same as indicated in Table 9 for the Iowa environment. These 
relationships were also found at the lowest density in the northern en­
vironment . 
Fertilization increased the dry weight per plant (significant at the 
1% level) when all populations are considered together, but it had no 
significant effect on the relationship between the outland and test 
populations. 
Seed weight per 100 seeds 
Because of the lack of mature seeds produced by the southern popula­
tions in the northern environment, no differences in mean seed weight 
could be determined between the two environments. Even when a comparison 
between environments of only the two northern populations was conducted, 
no significant differences could be found. 
The seed weights listed in Table 10 show that the northern popula­
tions produced the largest seeds. The outland populations had no sig­
nificant effect on the test population. The Ames population was not 
significantly different from its two nearest neighboring populations, 
Manchester and Kansas. The Manchester population produced the smallest 
seeds of all the populations, although not significantly different from 
the Ames population. The two most northern populations were not sig­
nificantly different from each other, but the North Dakota population 
produced the largest seeds of all the populations. Although the northern 
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Table 10. Mean^ seed weight in milligrams per 100 seeds for each popu­
lation in the Iowa environment 
Manitoba North Dakota Manchester Ames Kansas 
34bc2 37c 283 3iab 33bc 
^Each mean is based on 18 observations. 
^All means with the same superscript are not significantly different 
at the 5% level. 
populations produced the largest seeds, there was no dine observed from 
north to south (McWilliams £t al., 1968) in this small sample. 
The fertility levels and density treatments produced no significant 
changes in the seed weight. In this case, seed weight was one of the 
least plastic characters of Amaranthus retroflexus. 
Discussion of growth chamber studies 
It was found that the Iowa environment produced more than twice as 
many total seeds, seeds per plant, total dry weight, and dry weight per 
plant, as the northern environment. However, in the northern environment 
more than twice the number of plants survived than in the Iowa environ­
ment. Evidently the longer photoperiods and lower temperatures of the 
northern environment reduced the rate of growth and delayed the expression 
of any genetic or competitive superiority present in certain individuals 
of each population. These differences are clearly seen when comparing 
the results of the Iowa environment (Figure 27) with those of the northern 
environment (Figure 2 8). The plants of both environments are approximately 
the same age (16 weeks, just prior to harvest) and at the same density. 
Figure 27. Five populations and their test popu­
lations in the density of 100 in the 
Iowa environment just prior to harvest; 
most of the dominant plants are of the 
test population 
Figure 28. Five populations and their test popu­
lations in the density of 100 in the 
northern environment just prior to 
harvest; there is little indication 
of dominance by either population in 
each pot 
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The rapid expression of dominance by certain individuals, especially o£ 
the test population, in the Iowa environment caused higher mortality than 
that which occurred in the northern environment where the long photo-
periods restricted the growth of the three southern populations. Figure 
27 shows the suppression of weaker individuals by a small number o£ 
larger individuals in the Iowa environment. Because this did not occur 
as much in the northern environment; a greater number of plants survived. 
The Manitoba and North Dakota populations were reduced in dry weight 
and seed production by more than half in the northern environment when 
compared with the Iowa environment. This may be due to the lower tem­
peratures in the northern environment, since the photoperiods closely ap­
proximated those of their natural environments. 
A comparison of the results- of these two environments indicates that 
the amount of population regulation by means of mortality or plasticity 
varied depending upon the environment. Under the rapid growth conditions 
of the Iowa environment, mortality was of increasing importance in popula­
tion regulation, causing the production of a few large individuals with 
many seeds per plant. The slower growth conditions of the northern en­
vironment caused plasticity to play the greater role as shown by a higher 
number of small plants producing fewer seeds per plant. In general, 
Amaranthus retroflexus regulated population size by a combination of high 
mortality and plasticity (Figure 29). 
Mortality is quite high in the seedling stage, but those individuals 
that survive to reproduce can vary seed production from 2300 to 224 seeds 
per plant, depending upon the density. From counts made by the author, 
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Figure 29. Individual plasticity as demonstrated by seed production in 
Aiiiaranthus ^retrofl^exu^ (Ames population in the Iowa environ­
ment) 
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an isolated plant in the field can produce in excess o£ 30,000 seeds. 
This plasticity enables Amaranthus retroElexus to take advantage of favor­
able conditions with high seed production, and to preserve genotypes 
during unfavorable conditions. As Harper (1961) has indicated, the re­
sponse to density in the form of individual plasticity may be of con­
siderable adaptive value to annuals. For inbreeding annuals, individual 
plasticity permits the existence of numerous genotypes within the popula­
tion and hence the variation common in outbreeding perennials is approached 
(Palmblad, 1968a). 
Palmblad (1968a) found the following four classes of seed production 
in relation to density; (1) constant seed production over the range of 
densities; (2) reduced seed production with increasing density; (3) an 
increase in seed production, followed by stabilization or a decrease in 
seed number; and (4) no consistent pattern in relation to density. A. 
retroflexus fits into the second category of reduced seed production with 
increasing density. This is the same category in which Conyza canadensis 
and Plantago lanceolata are found. 
A. retroflexus showed a similar percent germination at all densities 
used in this study. Therefore, controlled germination is not a mechanism 
of population regulation (Harper and McNaughton, 1962). 
In general, the test population did as well or better at the lowest 
density with all populations except the Manitoba population. With in­
creasing densities it was less able to compete and almost disappeared; 
hence, it has been selected for genotypes which grow well in the presence 
of abundant growth factors but are suppressed when competition becomes 
severe. 
The Manitoba populat ion demonstrated the best  compet i t ive  ability 
ot all populations in this study. It showed the greatest detrimental 
effect on the test population in all characters measured. It is the 
only population which prevented the test population from showing any 
significant response with fertilization. This may indicate that the 
Manitoba population has also been selected for its response to fertility. 
However, it is more likely that the earlier-maturing northern population 
was able to make use of the nutrients before the test population began 
making its critical demands at the time of flowering. This hypothesis 
is reinforced when density effects are considered. As mentioned earlier, 
only the Manitoba population decreased the seed production of the test 
population significantly at the highest density. The Manitoba population 
had flowered without severe competition from the test population; when 
the test population flowered it was in strong competition and produced 
less seeds. This same effect didn't occur with the North Dakota popula­
tion because of the better response of the test population to fertiliza­
tion, compared to the poor response of the North Dakota population. 
If competitive ability is measured by the effect one plant has on 
another, in the Iowa environment the North Dakota population was the 
least successful of the populations studied. It allowed the test popu­
lation to produce significantly more seeds and dry weight per plant than 
any of the other four populations. The explanation for this poor com­
petitive ability is difficult, since it matures at approximately the 
^  1  a  4-1  r \ n  T  f  HaH f awA T* HPT"  n l an i "  A 
number of plants than any of the other populations, but produced the same 
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total amount of dry weight and seeds as the three southern populations. 
The cause of the small number of plants may be due to cither rapid seed­
ling mortality due to the presence of the test population, or lower per­
cent germination than was found in the germination trials previously con­
ducted. This would have resulted in fewer North Dakota plants present 
during the development of the test population, leaving an abundance of 
growth factors for the development of the test population. This is 
shown at the six-plant density (Figure 23), where all plants were present 
at maturity and the test population produced significantly more dry weight. 
This would indicate that the test population does better than the North 
Dakota population when factors are not in short supply. This is also 
indicated by the improved response of the test population and the reduced 
response of the North Dakota population with fertilization (Figure 25). 
In the northern environment, the North Dakota population did as well 
as the Manitoba population. These two populations produced more total 
seeds and seeds per plant than the three southern populations, which 
includes the test population. Because weight production was the same for 
all populations, the difference was due to the inability of the southern 
populations to flower normally. Since there were no differences between 
populations due to density treatments in this environment, competition 
was of minor importance in determining final success as measured in terms 
of seed production. 
The Manchester population produced the same total dry weight and 
total number of seeds as the test population. However, it nmHnoed less 
dry weight per plant and seeds per plant. This indicates that the Man­
chester population produced more plants of smaller size and fewer seeds 
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than the test population. Since less mortality is involved, this popula­
tion relied more on plasticity than the test population, although mor­
tality was still the major means oE population regulation. The Manchester 
population responded better at high densities than the test population, 
especially in dry weight production. Since this population came from a 
vacant lot where competition with other weeds and grasses was severe, a 
possible hypothesis is that it may have been selected for performance 
under high density conditions, whereas the test population was not. The 
test population did much better than the Manchester population at low 
densities, demonstrating that the Manchester population is not able to 
use abundant growth factors as rapidly as the test population. 
The difference between the Kansas and the test populations is very 
evident when responses to the fertility levels are considered. With fer­
tilization, the test population increased in numbers of plants, total 
dry weight production and total seed production, at the expense of the 
Kansas population which decreased in all these characters; dry weight 
per plant and seeds per plant increased for both populations. Without 
fertilization the reverse relationship took place with the Kansas popula­
tion increasing at the expense of the test population. Sihce seeds per 
plant and dry weight per plant were the same for both populations at the 
two fertility levels, the differences were due to seedling mortality. 
With fertilization, the Kansas population had the greatest mortality; 
without fertilization, the test population had the highest mortality. 
These results may reflect two trends of natural «electicr. with. 
to fertility. The Kansas population came from a small vegetable garden 
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where fertilization may have been irregular or not conducted at all. The 
test population came from University cropland where fertilization practices 
have been conducted for an extensive period of time. Hence, a general 
hypothesis is that the test population may have been selected for plants 
that respond well to fertilization, while the Kansas population may have 
been selected for plants that do well under lower fertility conditions. 
When placed together, one population will increase over the other, depend­
ing on the fertility conditions and density. This interaction was not 
present at lower densities; in fact, the two populations were not signifi­
cantly different with fertilization at lower densities. The difference 
between the populations only appears when conditions are favorable for 
rapid growth and when competitive pressures are great. This explains why 
fertility levels had no effect on the test population in the northern 
environment where growth rates were slower. 
Pathogen Studies 
The results of the emergence studies are given in Table 11. Although 
no comparisons can be made between the emergence velocities of the popu­
lations due to different seed ages, the response to temperature can be 
seen. The two northern populations respond best at 30 C, while the three 
southern populations have their highest coefficient of velocity at 35 C. 
Evidently, in northern latitudes selection pressures have been in favor 
of earlier germination than in the southern latitudes. McWilliams (1966) 
explained that selection pressures of a shorter growing season and a dif­
ferent cropping system may favor earlier germination strains. He found 
that the northern collections of A. retroflexus in his study germinated 
Table 11. Relationships of emergence of seeds planted in sterilized soil and growth rate of 
pathogen to temperature 
Mean® coefficient of 
velocity of emergence^ 
Temperature (°C) Manitoba N. Dakota Manchester Ames Kansas 
5 0 0 0 0 0 0 
10 1.7 0 0 0 0 12.3 
15 14.9 11.6 15.1 10.3 8.5 28.4 
20 24.8 16.3 27.3 18.5 6.3 39.9 
25 37 .2 34.0 40.6 26.7 11.9 45.6 
30 38.1 35.0 45.1 26.2 Î 12.5 46.4 
35 37.1 32.3 47-7 37.4 13.8 0.7 
40 30.8 23.2 44.0 31.9 12.6 0.0 
^r.ach mean is the result of four replications of fifty seeds each. 
bc.v.E. = Total emergence at end of period 
Sum of Teach daily emergence increase 
X days since planting). 
^Lach mean is the result of three replications. 
Mean growth 
rate of 
pathogen 
(mm/24 hours) 
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better at 20 C than southern collections. It may be possible that this is 
merely a lack of dormancy in the northern populations. This type of re­
sponse is explained later in the General Discussion. 
Leach (1947) determined that the ratio of the coefficient of velocity 
of emergence to the growth rate of the pathogen at the same temperature 
determines the amount of infection. Ratios below 1.0, indicate that the 
growth rate of the pathogen exceeds that of the host, and severe pre-
emergence infection occurs. At ratios from 1.0 to 4.0 preemergence in­
fection is lessened, but postemergence infection may be severe. Ratios 
above 4.0 are associated with an absence of preemergence damping-off. 
Table 12 gives the ratios of growth rate of the five populations of A. 
retroflexus to Pythium aphanidermatum at the different temperatures. 
Table 12. Ratio of growth rate of A. retroflexus to pathogen at various 
temperatures 
Temperature 
(OC) 
Ratio of growth rate® of host to pathogen 
Manitoba N. Dakota Manchester Ames Kansas 
5 0 0 0 0 0 
10 .14 0 0 0 0 
15 .52 .41 .53 .36 .30 
20 .62 .41 .68 .46 .16 
25 .82 .75 .89 .59 .26 
30 .82 .75 .97 .56 .27 
35 53.00 46.14 68.14 53.43 19.71 
40 m CD OD OD 0 
&Ratio = Coefficient 
Growth rate 
of velocity 
of P. aphanidermatum (mm/24 hrs) 
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The ratios indicate that infection should be severe at 30 C or lower; no 
infection should occur at 35 C or above. The host and pathogen were grown 
together in the growth chamber at 20 C; at this temperature the require­
ments for adequate germination and slow growth of the host could be 
achieved. Heavy infection occurred in this temperature range, but a 
statistical analysis of the results showed no differences between the 
populations. 
Although the populations were not differentially affected by the 
particular pathogen used in this study, damping-off cannot be completely 
discounted as an important means of natural selection. Different results 
may have been obtained if a different damping-off pathogen or other en­
vironmental conditions had been used. 
Whenever plants or seeds are moved from their natural habitats and 
placed in areas that are unfavorable for their rapid development, suscepti­
bility to disease organisms may increase. This explains why high-tem­
perature crops are more subject to damping-off at low temperatures, whereas 
low-temperature crops often suffer infection at intermediate or high tem­
peratures (Leach, 1947). Therefore, disease organisms may be important 
agents in the separation of populations. 
General Discussion 
This study further substantiates the suggestion of Billings (1957) 
that information gained from studies of small geographic samples should 
not be applied to the total range of the species. Competitive ability 
and the importance of mortality and plasticity as population regulatory 
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mechanisms varied with the environment and the population. In some cases, 
even hybridization would not occur between populations because of dif­
ferences in the time of flower initiation. 
There may be some error in using seeds in a study such as this, and 
considering the resultant plants, which have not been selected by their 
environment, as true representatives of the plants in their original 
habitat. This problem has been overcome in some studies by using trans­
plants or cuttings, from their local habitat. However, this was not 
feasible in this study. The sowing of seeds to increase the seed supply, 
which was conducted prior to these experiments, may have shifted the popula­
tion characters even more. 
In support of the use of seeds in these experiments, it must be kept 
in mind that Amaranthus retroflexus is partially to highly self-fertiliz­
ing. This character would tend to maintain a somewhat homozygous geno­
type in each population. It is assumed, therefore, that the use of seeds, 
and replicating to increase the supply of seeds, would not cause experi­
mental plants to be extensively different from the plants in the particu­
lar environment. The environment has selected the population over many 
generations and even if some outcrossing occurred, the genotype would 
not have been greatly changed. This character is of value in the ability 
of weedy species to stabilize their gene pool to meet slowly changing 
environmental conditions (Allard, 1965). However, if the environment 
begins changing rapidly, a small amount of outcrossing in the species 
would cause rapid changes in the gene pool through the operation of natural 
selection. When the supply of seeds was increased prior to these studies, 
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there was no mortality or other means of selection which changed the type 
of plants from which seeds were harvested. Germination was 80-90%. How­
ever, since only those seeds which germinated were represented, there may 
have been some selection for lack of dormancy. An increase of seed supply 
was conducted on only three of the five populations used in this study. 
Because most of the plants of the two northern populations matured 
in the field before the southern populations initiated flowering, any 
hybridization between the two groups would take place very slowly or not 
at all. Hybridization within each group could easily occur. A certain 
amount of variability was observed in the flowering of the North Dakota 
population, which caused the flowering of a few of the plants to greatly 
overlap that of the three southern populations. Such inherent variability 
within a population would insure that cross-fertilization with distant 
populations could occur. 
The growth chamber study indicated that southern populations would 
not hybridize with populations in far northern environments due to the 
inability of the southern populations to flower at northern latitudes. 
As mentioned in the field study above, hybridization probably would not 
occur in extreme southern environments because the northern populations 
would mature before the southern populations began flowering. However, 
the possibility of hybridization would increase as the populations were 
introduced into an environment intermediate to the environments of their 
origins. 
The chance of hybridization between the northern and southern popula­
tions is reduced even more when lack of seed dormancy in the northern 
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populations is considered. McWilliams (1966) found that in a uniform 
garden in Ames a large number of seeds of the current summer's crop 
germinated beneath Canadian and North Dakota plants in early October. 
They were killed by frost before flowering. No. indication of germination 
percentage was made to determine if this would greatly reduce the number 
of seeds available for the next year's crop. 
In this study, seeds were harvested from the two northern populations 
at the beginning of August and were sown on bare soil. Splashing of soil 
by the rain covered many of the seeds and almost 50% germination occurred 
within one month, indicating a poor dormancy response in the seeds. 
McWilliams _al. (1968) explained that the growing seasons of northern 
latitudes are often less than one hundred days, and rapid germination 
and establishment are at a selective premium. It is also possible, that 
after seed production has been accomplished in the northern latitudes, 
cold weather has arrived, preventing early germination. Hence, selection 
for dormancy to prevent death from fall frosts has not occurred. In the 
southern populations, seed production is completed during warm weather; 
therefore, seed dormancy is necessary to prevent immediate germination 
which would result in death. Dormancy also prevents germination during 
a short period of wet weather, after which drought may cause mortality. 
If hybridization is not considered, the reproductive rates of the 
populations may determine the ultimate population composition (Cole, 
1954; Harper and Gajic, 1961; Williams, 1962). Donald (1963) reported a 
study where oats and barley were grown without competition. If a certain 
proportion of the harvested seeds were replanted each year, eventually the 
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stand would be all barley because barley produces more seeds than oats. 
When grown in competition, barley is the aggressor and the transition to 
barley will be more rapid. The situation is similar in this study because 
the northern populations reached maturity before competition occurred, 
and they produced a very small number of seeds per plant. With time, the 
northern populations would contribute a smaller amount of seeds to each 
new crop and would gradually disappear. This would occur more rapidly 
when the lack of dormancy mentioned above and competition with soybeans 
are considered. 
When considering the three southern populations, the Manchester 
population would probably disappear from the soybeans, but persist in 
the natural weed community. The Kansas population may persist in both 
conditions since it is not significantly different from the Ames popula­
tion in many respects. Its late flowering may be an asset in soybeans, 
but a detriment under weedy field conditions. However, since the amount 
of cross-fertilization taking place is not known, it is difficult to 
determine the ultimate contribution the introduced populations would make 
to the local population. 
The growth chamber studies were valuable in determining competitive 
differences between the populations which could not be determined in the 
field, e.g^., the response of the Ames population to fertilization, or 
the adaptation of the Kansas population to low fertility conditions. The 
Ames and Kansas populations were in flower at the same time in the field 
and in the growth chamber. Therefore, these two populations probably have 
the ability to hybridize. If this took place the species would increase 
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its variability, enabling recombinations to be selected for the ability 
to grow under low or high fertility, depending on the habitat conditions. 
If such hybridization consistently took place among populations in nature, 
a high potential variability would exist in this weedy species. This also 
points out the possibility of genetic resistance to herbicides developed 
in one location, reaching the gene pool of distant populations by seed 
introductions; Harper (1956) indicated that such an event is quite pos­
sible-
As illustrated by the growth chamber studies, seed weight was the 
least plastic property of A. retroflexus. When conparing the seed weights 
of the growth chamber studies with those from the field studies, the seeds 
in the field ranged from one to thirteen milligrams per 100 seeds heavier. 
The greatest differences were between the northern populations of the 
two studies. This indicates that A. retroflexus was plastic in seed weight 
when going from the artificial environment to the field, but not within 
each study. 
This study indicates that A. retroflexus exhibits variation in easily 
recognized features such as photoperiod and seed size, as well as in char­
acters that appear only under certain conditions, such as differential 
response to fertility and plasticity in plant size and reproduction. Numer­
ous other differences between populations would probably appear if appropri­
ate experimental conditions were used, e.g., differential response to 
drought, soil pH, etc. The differences found may be subtle or extreme, 
depending upon the particular character and the amount of habitat variation. 
These characters enable the particular population to adapt to a new 
85 
environment- The combination of many populations with some individual 
plasticity provides a very wide species tolerance range in A. retroflexus, 
which may explain its large geographic distribution. 
Contamination of commercial crop seeds may be one of the major means 
of weed seed introduction into new geographical areas. Upon introduction, 
these weed seeds may hybridize with local weed populations. This may in­
crease the ability of the population to adapt to different conditions and 
may even be the means of transferring resistance to herbicides. This 
study indicates that plants of A. retroflexus from far northern environ­
ments are not likely to hybridize with A. retroflexus in far southern en­
vironments because of different flowering times. Also these far northern 
plants compete less well in the southern environment. Therefore, commercial 
crop seeds, grown in areas far north of the intended planting site, may 
contain weed seeds less likely to reproduce than those from local weed 
populations. 
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SUMMARY 
1. The Manitoba and North Dakota populations in the weedy field 
treatment had increased dry weight and seed production when compared to 
the weeded treatment; this was due to the combination of early maturity 
and protection from adverse weather by neighboring weeds. 
2. The Manchester, Ames, and Kansas populations decreased in seed 
and dry weight production in the weedy treatment because their later 
maturity caused them to flower when competition from local weeds occurred. 
3. The early flowering of the Manchester population was of advantage 
in competition with the weed community, since this population endured less 
competitive stress than the later flowering Ames and Kansas populations-
4. In competition with soybeans, the Ames and Kansas populations had 
the advantage due to the opening of the canopy when the soybeans matured. 
The earlier-flowering Manchester population was not able to take advantage 
of the increased light when the soybeans matured. 
5. The North Dakota and Manitoba populations were completely sup­
pressed by the soybeans and died after producing a few seeds. 
6. The growth chamber studies showed that in the Iowa environment, 
the Manitoba population was the best competitor against the test popula­
tion in terms of number of plants, dry weight production, and seed pro­
duction due to its earlier maturity; the North Dakota population was the 
least able to compete because of high seedling mortality. 
7. In the Iowa environment at the highest plant density, the Kansas 
populdLluii liaù the advantage over tne test population at the low fertility 
level; with fertilization the test population had the advantage. 
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8. It was hypothesized that the Kansas population may have been 
selected for growth in low fertility conditions, whereas the test popu­
lation may have been selected for its rapid growth where factors are 
more abundant, especially with fertilization. 
9. It was observed under field conditions that the Ames, Manchester, 
and Kansas populations overlapped in flowering, a condition which might 
lead to hybridization. 
10. The Iowa environment produced more than twice as many total seeds, 
seeds per plant, total dry weight, and dry weight per plant, as the 
northern environment; the northern environment produced more than twice 
the number of plants as the Iowa environment. 
11. Comparisons of the two environments indicated that the amount of 
population regulation by means of mortality or plasticity varied, depend­
ing upon the environment and the population. The slower growing conditions 
of the northern environment caused plasticity to play a more important 
role than it did in the Iowa environment. 
12. It was concluded that in A. retroflexus population size is regu­
lated by a combination of high mortality and plasticity. 
13. In the northern environment, seed production was highly correlated 
with the time of flowering; competition was of minor importance in determin­
ing final success as measured in terms of seed production. 
14. In far northern environments the southern populations will not 
flower; hence, hybridization between northern and southern populations 
would not occur. In environments progressing farther south, more of the 
southern populations will flower, until a point is reached where maximum 
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hybridization between northern and southern populations would tahe place. 
15. In far southern environments the northern populations would 
mature before the southern populations flowered because of the short 
photoperiods, resulting in no hybridization. 
16. Seed weight was the least plastic property within the growth 
chamber and field studies; however, between the two studies, the seeds 
demonstrated a greater weight in the field studies. 
17. Disease organisms, under certain conditions, may determine the 
success a species will have in populating a new area; an attempt to 
demonstrate differential susceptibility of the five populations to a 
damping-off organism was unsuccessful. 
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APPENDIX 
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Table 13. Enriched Broth^ for Pythium 
NH4NG3 322mg 
CaCl2.2H20 285mg 
KCl 285mg 
KH2PO4 285mg 
MgS04.7H20 42 7mg 
Dextrose 10g 
Add the above to 1 liter of distilled water. Mix thoroughly. Auto­
clave 15 minutes at 121 C. Cool; add 1 ml of a filter-sterilized solu­
tion containing 100 }ig thiamine and 5 ^ g biotin/ml. 
^Obtained from Dr. Dean C. Foley, Department of Botany and Plant 
Pathology, Iowa State University, Ames, Iowa. 
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Table 14. Analysis of variance for non-soybean field study 
a. Logarithmic transformation of seeds per plant 
Sum of Mean 
Source Squares DF Squares F-ratio 
Blocks (A) 0.396 1 0.396 18.274** 
Competition (B) 0.010 2 0.005 0.242 
AB 0.042 2 0.021 0.968 
Populations (C) 7.525 4 1.881 86.839** 
BC 0.505 8 0.063 2.914* 
Error 0.260 12 0.022 
Total 8.739 29 
b. Seed weight per one hundred seeds 
Sum of Mean 
Source Squares DF Squares F-ratio 
Blocks (A) 10.800 1 10.800 3.466 
Competition(B) 0.800 2 0.400 0.128 
AB 0.800 2 0.400 0.128 
Populations (C) 1552.465 4 388.116 124.537** 
BC 18.533 8 2.317 0.743 
Error 37.398 12 3.116 
Total 1620.796 29 
C. Dry weight per plant 
Sum of Mean 
Source Squares DF Squares F-ratio 
Blocks (A) 108.300 1 108.299 10.569** 
Competition (B) 51.299 2 25.649 2.503 
AB 2.792 2 1.396 0.136 
Populations (C) 631.065 4 157.766 15.396** 
BC 72.581 8 9.073 0.883 
Error 122.968 12 10.247 
Total 989.004 29 
*Significant at the 5% level. 
**Significant at the 1% level. 
